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Abstract 
There are many students in the Greek Higher Education that are still “lingering” in their Departments beyond the six years. 
The length of studies beyond 6 years has not been justified, and this study focuses on this problem. We also study another 
problem: The percentage of graduates scoring about 8.5/10 or more is extremely low. Association rules mining is a well 
known data analysis method for extracting associations between data in a wide range of different fields. In this paper, we 
focus on the generation of the appropriate association rules based on students’ questionnaires in Higher Education. A sample 
of 50.000 questionnaires was filled by 10.000 students in the TEI of Athens. Various interesting rules could be extracted 
related to learning goals, practices, years required for graduation, etc. These rules and clustering techniques could be used for 
solving the problem of the students that are still “lingering”, and the problem of the low “scoring” of the graduates. 
 
© 2012 The Authors. Published by Elsevier Ltd.  
Selection and/or peer-review under responsibility of The 2nd International Conference on Integrated Information. 
 
Keywords:  Association rules, Data Mining, Higher Education, Student Retention, Student Intervention, Rules’ extraction 
1. Introduction 
Educational data mining (EDM) is an emerging interdisciplinary research area that uses computational 
approaches to analyze educational data in order to study educational questions. In [1] they survey relevant studies 
carried out in this field to date, and list common tasks that have been resolved through data-mining techniques. 
Ying Zhang [2] believe that student retention is an indication of academic performance and enrolment 
management, and use data mining and natural language processing technologies to monitor student, analyze 
student academic behaviour and provide a basis for efficient intervention strategies. Luan [3] uses data mining to 
group students and determine which students take courses for longer period of time. Herzog collected data from 
institutional student information system, and other sources to estimate student retention and degree-completion 
time. Nearly 50 features including demographics, campus experience, academic experience, and financial aid are 
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applied to predict student retention. There are various models about student retention. According to Tinto’s 
theory, students are most likely to stay on the course and complete it if there are close links between their own 
academic objectives, and the academic and social characteristics of the university. Thomas’ model combines 
academic attitudes e.g. accessibility and availability of tutors, and social attitudes e.g. friendship with other 
students. 
Our aim is to identify the problems and to follow up with intervention strategies to enhance student retention, 
to help students to achieve their goals, and increase their chances of completing their studies at the TEI of 
Athens.  
The remainder of the paper is organized as follows: In Section 2, we present the methodology and the data 
used. In Section 3, an overview of the problems is given, and some experiments are described, and briefly 
discussed. In Section 4, we present our conclusions and discuss future activities. 
2. Data sources 
Technological Educational Institution of Athens (TEI of Athens) was founded in 1983 within the framework 
of Law 1404/1983 in order to bridge the gap between the theoretical knowledge and background and the demand 
for highly trained staff who could meet the challenges of the Greek market in technology related fields. Over 
35.000 students attend the four-year courses provided by its Departments and taught by teaching staff committed 
to maintaining the highest standards in education. Great emphasis is laid on the curricula of the Departments 
which are continuously revised in order to keep pace with all the recent developments in technology and to be 
tailored to the needs of the Greek market. It comprises five faculties which occupy a complex of buildings on the 
main campus, though several Departments are situated elsewhere due to the increasing number of students. 
TEI gathers a great amount of data which can be analyzed. Faculties and departments have important detailed 
data regarding courses and modules which are in document form. 
In this research we focused on a sample of 50.000 questionnaires filled by 10.000 students in the TEI of 
Athens in the period 2011-12 (two semesters). The questionnaires have digitized and "cleaned" in order to offer 
the possibility of analyzing and visualizing data included in these documents. We have used for all the 
Departments of the Faculties the same questionnaire adopted by the Hellenic Quality Assurance and 
Accreditation Agency, instead of using “home-made” questionnaires. The rationale for this decision was to 
ensure the reliability of the questionnaire used, easily determine the agreement among ratings by students in 
different Faculties and Departments of the TEI of Athens, and compare them with ratings of other higher 
education institutes in the future. More than forty questions are included in the questionnaire focusing on 
different items that are organized in five sections-directions: course-centred items (e.g. is the course well 
structured? Is the main theme evident? Were the learning goals of the course clear?), lecturer and teaching 
effectiveness (e.g. how s/he explains the content of the course, how open s/he is towards constructive criticism 
and suggestions), teaching assistant (e.g. were there sufficient assistants available? Were the assistants 
competent?), laboratory/practical work (e.g. Were notes provided -instructions, recommended literature- 
appropriate?), and student-centred items (e.g. is your background knowledge sufficient for the course?). This 
study focuses on five different items, only, and we try to determine the correlations among responses to the 
related questions and also try to measure some components of effective teaching in order to use them in a 
constructive way to create a more effective learning environment. Table I depicts the five items. The students 
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           Table I. Five items for conducting analysis 
Item Explanation – Comments 
Q1: Aim and objectives of the course  With respect to the future profession were the learning goals of the course clear? 
Q2: Use of library Does the student use the library for further study? There is also another related 
question: The notes provided and the recommended literature was appropriate?  
Q3: Teaching effectiveness of the lecturer  Does the lecturer explain the content of the course in a clear and distinct way? 
Q4: Participation   Do your fellow students actively participate in the class and the laboratory / 
practical work? The participation in the class is not obligatory but it is obligatory 
in the laboratory/practical work. We also ask students if the most of their fellow 
students actively participated e.g. in the discussions in the class. 
Q5: Study What is the total expenditure of time for the course? Contact hours, preparation 
and revision, and time for the examinations are included.   
            
 
Table II depicts the number of courses evaluated by questionnaires filled by the students in the Faculty of 
Management and Economics. 
 
      Table II. Evaluation of courses of the Faculty of Management and Economics . 
Department Name Number of courses evaluated 
Library Science and Information systems 31 
Business Administration  27 
Marketing 30 
Tourist Enterprises 34 
Health Care and Social Units Administration 33 
Total 155 
        
The number of courses offered by each department is also given. The total number of questionnaires filled by 
the students of the TEI of Athens is approximately 50.000. We use Association Rules, a popular Data Mining 
method, and clustering techniques in order to analyze the correlations between the five items, and if it is possible, 
to guide decision-making. Comparative analysis of the results of both techniques is also given. 
3. An overview of the problems to be solved and some experiments  
There is a well known problem in the Greek Higher Education: There are many students that are still 
“lingering” in the Departments (beyond six years) before graduation. The length of studies beyond 6 years is not 
justified, at the moment, and this study will focus on this matter. We also study another problem: The percentage 
of students-graduates scoring about 8.5/10 is extremely low. Table III depicts the percentage of students that are 
still “lingering” from 5 to 8 years and for more than 8 years in each Faculty.  The fourth column depicts the 
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     Table III. The percentage of students that are still “lingering” in the Departments for 5 years or more 
 
Faculty  5 to 8 years  More than 8 
years 
Percentage of graduates – Length of 
study between 4 and 5 years 
Faculty of Management and Economics 14.35 14.61 52,86 
Faculty of Technological Applications 19.1 19.81 29.5 
Faculty of Fine Arts and Design 12.3 17.8 39.62 
Faculty of Health and Caring Professions 8.75 7.4 68,3 
Faculty of Food Technology and Nutrition 15.34 18.9 29.15 
 
  Table IV depicts the average marks of graduates per year of studies (ν=4) for all the Departments of the 
Faculty of Management and Economics. Figure 1 illustrates the same data. 
 
     Table IV. The average Grades of the graduates per year of studies (ν=4) 
 
 
Accno Department  Ν ν + 2 2ν >2ν 
1 Department of Library Science and Information Systems 7,89 7,1 6,8 7,05 
2 Department of Business Administration         6,89 6,51 6,43 
3 Department of Health Care and Social Units Administration    6,93 6,51 6,6 
4 Department of Marketing 7,45 6,97 6,77 6,74 





Figure 1 Illustration of the average Grades of graduates for the Faculty of Management and Economics 
 
In the Figure 2 the similar data for the Faculty of Health and Caring Professions are illustrated. 
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Figure 2. Illustration of the average Grades of graduates for the Faculty of Health and Caring Professions 
 
Pechenizkiy et al. [7] described a semiautomatic way in order to discover the association rules “focusing the 
search by predefining what should appear on the right hand side and what may appear on the left hand side of a 
rule”. A similar approach was adapted in our research. Oprea Cristina, Zaharia Marian, and Enachescu Daniela 
used [8] data mining techniques to identify the profile of students who have difficulties adapting in first year of 
college. The WEKA platform is used as the data mining software. Yadav and Nagar [9] showed that students' 
past academic performance could be used to create the model using ID3 decision tree algorithm and that it can be 
used for prediction of student’s enrollment in a course. Rule Sets were generated by ID3 using WEKA software. 
The accuracy of their model is promising (60.46 %). The WEKA platform is also used in our study. Mohammed 
M. Abu Tair and Alaa M. El-Halees [10] showed how data mining can be used in higher education to improve 
the performance of graduate students. They discovered association rules and they sorted the rules using lift 
metric. 
Table V depicts the five items and the calculation of three clusters for the Faculty of Health and Caring 
Professions.  3927 students evaluate using 1: agree strongly to 5: disagree strongly. Cluster 0 (C0) includes 1780 
students (45%), Cluster 1 (C1) includes 725 (18%), Cluster 2 (C2) includes 1422 (36%) and Table VI depicts the 
five items and the calculation of the three clusters for the Faculty of Management and Economics .  2287 students 
evaluate using 1: agree strongly to 5: disagree strongly. Cluster 0 (C0) includes 1495 students (38%), Cluster 1 
(C1) includes 1518 (39%), Cluster 2 (C2) includes 914 (23%). 
 
Table V. Three clusters for the Faculty of Health and Caring Professions 
Item Full C0 C1 C2 Explanation – Comments 
% (3927)   (1495)   (1518)    (914)  
Q1: Aim and objectives of the course  4.1398   4.4221   4.527     3.035 With respect to the future profession were the 
learning goals of the course clear? 
Q2: Use of library 3.2185   2.6569   4.0639   3.2185   Does the student use the library for further study?  
Q3: Teaching effectiveness of the 
lecturer  
4.1599   4.5217   4.5718   2.884 Does the lecturer explain the content of the course in 
a clear and distinct way? 
Q4: Participation   4.2587   4.4181   4.4934   3.6083 Do your fellow students actively participate in the 
class and the laboratory / practical work? 
Q5: Study 2.0932   1.4729   2.7958   1.9409 What is the total expenditure of time for the course?  
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Table VI. Three clusters for the Faculty of Management and Economics 
Item Full C0 C1 C2 Explanation – Comments 
%  (2287)      (556)     (1086)     (645)  
Q1: Aim and objectives of the 
course  
4.0127      4.4227   4.3978     3.0109 With respect to the future profession were the 
learning goals of the course clear? 
Q2: Use of library 3.38      3.6511   3.5037     2.938 Does the student use the library for further study?  
Q3: Teaching effectiveness of the 
lecturer  
4.0031      4.4892   4.4457     2.8388 Does the lecturer explain the content of the 
course in a clear and distinct way? 
Q4: Participation   4.1146      4.4191   4.3379     3.476 Do your fellow students actively participate in 
the class and the laboratory / practical work? 
Q5: Study 2.0909      3.4892   1.4687     1.9333 What is the total expenditure of time for the 
course?  
 
We can stress that in the Faculty of Health and Caring Professions there is correlation among the use of the 
library (Q1) and study (Q5). In specific, in cluster C0 (38%) we can observe that if the students do not study hard 
then they do not use very often the library, and in cluster C1 (39%) we observe that if the students study hard 
then they use very often the library. In the Faculty of Management and Economics we can also observe the same 
correlation among the use of the library (Q1) and study (Q5). Specifically, in cluster C1 (47%), and in cluster C2 
(28%) we observe that if students do not study hard then they do not use so often the library as the students in 
cluster C0 (24%) who study much more hard. Furthermore, comparing the cluster analysis of the two Faculties, 
we can claim that students in the Faculty of Health and Caring Professions study more than those in the Faculty 
of Management and Economics since the cluster with the higher percentage (C1 - 39%) in the first Faculty shows 
that students study hard (2.7958) while the cluster with the higher percentage (C1 - 47%) in the second Faculty 
shows that students do not study very hard (1.4687).  Also, Table VII shows that the participation of the students 
of this Faculty at the courses seems to be higher than the participation of students at the Faculty of Management 
and Economics. 
 
      Table VII. Participation 
 Sum 1-2 4-5 
Faculty of Management and Economics  2290 176(0.07) 1765(0.77) 
Faculty of Health and Caring Professions 3927 193(0.05) 3196(0.81) 
 
Association rules will be used to study more these first conclusions. Some association rules are given for the 
data of the Faculty of Health and Caring Professions in the Table VIII. At this example the range of values that 
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          Table VIII. Association rules for the data of the Faculty of Health and Caring Professions 
=== Run information === 
Scheme:       weka.associations.PredictiveApriori -N 100 -c -1     Relation:     bank-data-final 
Instances:    3927    Attributes:   5 
Q1: Aim and objectives of the course, Q2: Use of library, Q3: Teaching effectiveness of the lecturer,  
Q4: Participation, Q5: Study 
=== Associator model (full training set) === PredictiveApriori =================== 
Best rules found: 
1. Q2=(4 or 5) Q3=(4 or 5) Q4=(4 or 5) [1243] ==> Q1=(4 or 5) [1164]    conf:(0.94) 
 2. Q1=(4 or 5) Q2=(4 or 5) Q4=(4 or 5) [1244] ==> Q3=(4 or 5) [1164]    conf:(0.94) 
 3. Q1=(4 or 5) Q2=(4 or 5) [1446] ==> Q3=(4 or 5) [1343]    conf:(0.93) 
 4. Q2=(4 or 5) Q3=(4 or 5) [1447] ==> Q1=(4 or 5) [1343]    conf:(0.93) 
 5. Q3=(4 or 5) Q4=(4 or 5) [2621] ==> Q1=(4 or 5) [2411]    conf:(0.92) 
 6. Q3=(4 or 5) Q4=(4 or 5) Q5=1 [1731] ==> Q1=(4 or 5) [1583]    conf:(0.91) 
 7. Q1=(4 or 5) Q4=(4 or 5) [2640] ==> Q3=(4 or 5) [2411]    conf:(0.91) 
 8. Q3=(4 or 5) [3109] ==> Q1=(4 or 5) [2823]    conf:(0.91) 
 9. Q3=(4 or 5) Q5=1 [2094] ==> Q1=(4 or 5) [1887]    conf:(0.9) 
10. Q1=(4 or 5) Q4=(4 or 5) Q5=1 [1758] ==> Q3=(4 or 5) [1583]    conf:(0.9) 
4. Discussion and Conclusions 
In this section, we use the simple example of the section 3 in order to present the potential impact of these 
results in Higher Education, and how the described technique could be competitive. This example is used to 
clarify some conclusions. In the table VIII we can see some Associations rules for the participation of students of 
the Faculty of Health and Caring Professions. These students participated in the class and used library services 
more than the other students of the TEI of Athens and they have better percentage of graduation and better 
Grades, by far. The Rules imply that students’ participation in the class is closely related with the following items 
(factors): 
1. The lecturer explains the content of the Course in a clear and distinct way. We must also stress that s/he 
is also accessible as we can see in the full corpus of the answered questionnaires 
2. The learning goals of the Course are clear with respect to the future profession 
These rules appear with greater “frequency” than the other rules, by far, and it means that the three factors 
form a condition which is sufficient for higher rates of participation in the class. We can also claim that higher 
rate of participation is necessary condition for the other three conditions, for many students.   
As a conclusion, we claim that two well known problems in Greek Higher Education that are related to the 
length of Studies beyond 6 years, and to the extremely low percentage of graduates scoring about 8.5/10 or more 
could be solved by a mixed technique based on the use of clustering and the extraction of association rules. The 
rules and the clustering techniques offer to the experts an interesting tool for solving the problem of the students 
that are still “lingering”, and the problem of the low “scoring” of the graduates. In the near future, we shall 
conduct further analysis based on more factors of the questionnaire. We shall also examine the influence of 
organisational culture and job satisfaction on the quality of services provided in higher education [11], and shall 
try to combine the results with further studies based on strategies for attracting students in the library and 
eventually in the class. In a different perspective, our research will focus on the concept of dynamic capabilities 
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[12] of the theory of enterprise resource in order to help us to understand how the Institute’s resources (human, 
organizational etc.) could evolve through time, offering competitive advantage to improve the quality of learning 
process, and students’ retention. 
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